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Nitride semiconductors 
shine at record Fall MRS 
Toby Strite, Uniphase Laser Enterprise 
i The rapid progress in GaN was a major reason that a record 4400 scientists, exhibitors 
and journalists attended the 1997 Fall Materials Research Society (MRS) meeting. The 
meeting was held in Boston, Massachusetts, USA, from 1-5 December. 
th more than 170 ab- 
tract submissions, the 
itride Semiconductor 
Symposium was the third largest of 
the 41 Symposia held during the 
week long MRS Fall meeting. The 
presentations included contribu- 
tions from every group that had 
demonstrated GaN laser diodes 
(LD) up till the end of October 
1997. 
In addition to the technical pro- 
gramme, the Symposium was dedi- 
cated to Professor Jacques Pankove 
(Astralux Corp, Boulder, CO, USA)- 
the inventor of the GaN light-emit- 
ting diode (LED) while at RCA 
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Laboratories in the early 1970s and 
the acknowledged father of the ni- 
tride semiconductor field. Adding 
further lustre to the week, the MRS 
presented Dr Shuji Nakamura 
(Nichia Chemical Industries, 
Tokushima, Japan) with the MRS 
Medal for "the development of lat- 
tice-mismatched GaN-based het- 
eroepitaxy and its application to 
the creation of blue and green 
LEDs and short wavelength LDs". 
Another notable occurrence was a 
timely tutorial session entitled 
'Industrial Applications of GaN 
Lasers' during which invited speak- 
ers from the printing, optical stor- 
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Figure 1. Publications in the INSPEC database under the keyword GaN. GaN research 
stagnated in the 1980s because the lack of a suitable buffer layer for growth on sapphire 
and an inability to activate acceptors stymied additional advances (courtesy of I. Akasaki). 
age and display industries speculat- 
ed what impact GaN LDs might 
have on their businesses and when. 
Plenary Lecture 
Professor Isamu Akasaki (Meijo 
University, Nagoya, Japan), one of 
nine scientists honoured by 
Japanese Emperor Akihito with the 
1997 Medal with Purple Ribbon for 
outstanding scientific achieve- 
ment, presented the Plenary 
Lecture. Entitled 'The Evolution of 
Nitride Semiconductors' it traced 
the 30-year history of GaN re- 
search. Major milestones delineat- 
ed by Akasaki (see Figure 1) 
included: the first heteroepitaxial 
GaN layer by Maruska and Tietjen 
of RCA; Pankove's demonstration 
of a MIS-type GaN LED; low-tem- 
perature buffer layers on sapphire 
and p-type GaN by Akasaki and 
Hiroshi Amano; the commercializa- 
tion of GaN LEDs by Nakamura; 
and Nakamura's GaN LD an- 
nouncement at the end of 1996. 
Two boom periods are apparent in 
Figure 1 - the first was spurred by 
Pankove's observation of intense 
blue luminescence in 1970, while a 
renaissance was triggered by 
demonstration of p-type doping 
and a p-n junction GaN LED in 
1989. 
The clear-cut technical high- 
light of the week was Nakamura's 
MRS Medal speech, which had an 
almost rock concert atmosphere 
with people standing ten deep at 
the back of the auditorium. 
Nakamura presented data from 
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which he extrapolated a GaN- 
based LD lifetime of 10 OO0 hours 
for room temperature 2 mW con- 
tinuous wave (CW) operation, and 
announced that Nichia will ship 
digital video disc (DVD) prototype 
LDs in early 1998. 
Blue laser progress 
The most recent progress at Nichia 
is due to the adoption of epitaxial 
lateral overgrowth (ELOG). This 
technique was first demonstrated 
in Prof. Kazumasa Hiramatsu's labo- 
ratory (Mie University, Japan) sev- 
eral years ago, and was developed 
independently b  the groups of Dr 
Akira Usui's group (NEC Corp, 
Tsukuba, Japan) and Prof. Robert 
Davis (North Carolina State 
University, Research Triangle Park, 
USA). Nakamura's LD structure, 
shown schematically in Figure 2, 
incorporates an initial several ain 
thick GaN/sapphire layer onto 
which SiO 2 is deposited and pat- 
terned. The sample is returned to 
the MOVPE chamber where sur- 
face selectivity causes additional 
GaN to initially grow only on ex- 
posed GaN. Once the regrowth as 
filled the holes between the SiO 2, 
additional GaN grows not only up, 
but laterally over the SiO 2. ELOG 
succeeds because most defects in 
GaN propagate perpendicular to 
the substrate plane. 
The laterally grown GaN, there- 
fore, has a significantly lower de- 
fect density compared to adjacent 
conventionally grown material. ELOG 
layers are characterized by one se- 
rious defect shown schematically 
in Figure 2 above the centre of 
each SiO 2 mask where adjacent lat- 
eral growths must coalesce. 
Because this defect causes short- 
ing, Nakamura positions his layers 
between SiO 2 masks where the de- 
fect density is higher, however, the 
laser seems to benefit from its outer 
volume being composed of ELOG 
GaN having the lower defect density. 
An alternative approach to re- 
ducing defects was announced by 
Hiroshi Amano (Meijo University, 
Nagoya, Japan) whose metal organ- 
ic vapour phase epitaxy (MOVPE) 
group has discovered that using a 
second low-temperature buffer lay- 
er (either GaN or AIN) grown on 
top of normally deposited GaN al- 
so eliminates etch pits in subse- 
quently grown material, while 
being considerably less complex 
than ELOG and permitting the full 
LD structure to be fabricated in 
low defect density material. 
Nichia's structure also now fea- 
tures modulation doped superlat- 
rices on either side of the laser 
active region to relieve thermal 
strain during operation which 
caused cracking in earlier designs. 
The InGaN active region is capped 
with a p-AIGaN layer which 
Nakamura believes hinders decom- 
position of the InGaN during sub- 
sequent growth. Among the other 
laser groups, Prof. Steven 
DenBaar~s group (University of 
California at Santa Barbara, USA) 
and the Sony group also use a cap- 
ping layer above the InGaN, while 
Xerox and Toshiba do not. The 
Fujitsu group uses an AIGaN cap- 
ping layer, but claims its primary 
role is to improve the electrical 
confinement of electrons in the ac- 
tive region. 
Table one is an overview of the 
GaN LD results reported at the Fall 
MRS Meeting, illustrating the lead 
Nichia has over competing roups. 
Nakamura's LDs lase at nearly an 
order of magnitude lower current 
density than the nearest competi- 
tion, and at a voltage only ~1.5 V 
greater than the active region 
bandgap. Other than Nichia, only 
Cree Research has realized even 
brief CW operation, while Nichia 
has surpassed 10 OO0 hours of CW 
laser operation, a stability suitable 
for pilot production. 
Table one reveals the wide vari- 
ety of approaches used to obtain 
GaN lasers. MI groups use MOVPE 
at process pressures varying from 
Nakamura's proprietary two-flow 
reactor design which creates a su- 
per atmospheric pressure above 
the substrate, to Fujitsu who has 
shown that low pressure MOVPE 
can also succeed. Dr Lisa Sugiura 
(Toshiba, Kawasaki, Japan) re- 
vealed an MOVPE process using N 2 
instead of NH3, the result being 
that p-type GaN:Mg can be directly 
grown without post-growth treat- 
p-electrode 
SiO 2 , 
t~-~. l  
Sapphire (0001) 
Figure 2. Nichia LD structure incorporating EL OG, and modulation doped strained layer su- 
perlattices. GaN grown laterally over the SiO 2 has an etch pit density approaching zero, ex- 
cept where adjacent EL OG layers coalesce (courtesy of S. Nakamura, Nichia). 
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Table 1. Summary of GAN LD results reported at the Fall MRS meeting. 
ment despite the presence of H in 
the decomposing trimethylgallium 
and bis~yclopentadienylmagne- 
sium process gases. 
Cree Research and Fujitsu are 
capitalizing on their conductive 
SiC substrates to fabricate conven- 
tional vertical LD structures, while 
the other groups using insulating 
sapphire must invest additional 
process teps to fabricate two top- 
side contacts in a mesa structure. 
Cree was not disclosing the details 
of their conductive buffer layer, but 
Fujitsu is using a single n-type 
Al0.09Ga0.91N interlayer which has 
enough AIN for good morphology, 
but can still be heavily doped re- 
sulting in only 0.2 V being dropped 
across the SiC/A10.09Ga0.91N inter- 
face. SiC, because it is conductive 
and has a higher thermal conduc- 
tivity than sapphire or GaN, may be 
the ideal substrate for GaN power 
lasers which require wider aper- 
tures than can be accommodated 
in a mesa structure, and transistors 
whose performance is highly de- 
pendent on heat sinking. 
Toshiba announced a GaN LD 
innovation which they call the in- 
ner stripe (IS) layer design (Figure 
3). The IS structure offers im- 
proved lateral current confinement 
by using regrowth to insert an n- 
GaN blocking layer within the top- 
most p-CcaN to form an internal p-n 
junction for hole current confine- 
ment. 
Another aspect of GaN LD fabri- 
cation being attacked with widely 
divergent approaches i facet for- 
mation.While Nichia has fabricated 
GaN wi th  
~l¢4Knce 
:t In centre 
Figure 3. Toshiba Inner Stripe LD structure. The p-n junction formed by the blocking layer pro- 
vides additional ateral current confinement (courtesy of L. Sugiura, Toshiba). 
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LDs using both cleaving and reac- 
tive ion etching (RIE), Nakamura 
prefers RIE for production, al- 
though the SEM pictures of his 
facets revealed considerable rough- 
ness. The Xerox group uses chemi- 
cally assisted ion beam etching 
(CAIBE) to form the best looking 
etched facets reported to date. Its 
CAIBE facets have arms roughness 
of only -50 ~, so scattering losses 
during LD operation should not be 
an issue. The SiC groups take ad- 
vantage of a common GaN/SiC 
cleavage plane to form nice look- 
ing facets, while groups attempting 
to cleave slightly misaligned 
GaN/sapphire structures have the 
most difficulty. 
GaN LEDs 
With all of the laser discussion in 
Boston, it is easy to forget that 
GaN-based LEDs comprise a nearly 
US$100 million business growing 
at 30+% per year. Nichia continues 
to ship GaN-based blue and green 
LEDs, as well as white LEDs based 
on phosphor down-conversion, or 
alternatively a single package inte- 
grating discrete red AIGaAs, and 
green and blue GaN chips. 
Nakamura said that the next mile- 
stone for GaN LEDs is to replace in- 
candescent light bulbs. To 
accomplish this, the efficiency of 
GaN LEDs must be doubled, a goal 
which Nakamura did not feel was 
out of reach. 
Meanwhile, Dr Kathy Doverspike 
(Cree Research, Durham, NC, USA) 
announced that Cree had complet- 
ed the transition of its blue 
GaN/SiC LED product to the con- 
ducting buffer layer design, and 
that one line is now qualified for 2" 
SiC wafers with others to follow. 
The Cree conductive buffer layer 
permits LED die sizes to be re- 
duced, which along with 2" sub- 
strates, should greatly increase the 
die per wafer. The new LEDs emit 
1-2 mW at an external quantum ef- 
ficiency of 2-3% at 20 mA, 3.8 V 
with a peak wavelength of 430 nm 
with a full width half maximum of 
65 nm. Soon, Siemens is expected 
to introduce white LEDs based on 
430 nm Cree chips whose colour 
is converted using technology li- 
censed from the Fraunhofer 
Institute, although Hewlett- 
Packard, who made its long await- 
ed announcement of a GaN LED 
product in the second half of 1997, 
is apparently not shipping in vol- 
ume until sometime in 1998. 
Scientific advances 
Scientific highlights of the 
Symposium included several pa- 
pers concerned with InGaN quan- 
tum well (QW) active layers. Dr 
Hubert Lakner (Gerhard-Mercator- 
University, Duisburg, Germany) 
performed scanning transmission 
electron microscopy measure- 
ments capable of directly measur- 
ing compositional non-uniformity 
in InGaN" QWs. Experimental evi- 
dence of large piezoelectric fields 
in the vicinity of InGaN QWs via 
optical measurements was present- 
ed by Dr Andreas Hangleiter 
(University of Stuttgart, Germany) 
while Prof. Alexander Yunovich 
(Moscow State University, Russia) 
reached a similar conclusion 
through studies of Nichia LED cur- 
rent-voltage characteristics. Amano 
pointed out that piezoelectric 
fields are expected to considerably 
increase laser threshold current 
SCHEMATIC OF OPTICS 
levels, especially at InN mole frac- 
tions above 12%, and that bandgap 
engineering techniques are needed 
to reduce their effects on devices. 
The precise environment and las- 
ing mechanism of InGaN active lay- 
ers has become one of the hottest 
topics in nitride semiconductors. 
Some excellent characterization 
work was presented by Michael 
Natusch (University of Cambridge, 
UK), who won an MRS student pa- 
per award for his electron energy 
loss spectroscopy (EELS) study of 
GaN defects. Dr Giinther Dollinger 
(Technical University Munich, 
Germany) applied elastic recoil de- 
tection to directly observe the hy- 
drogen density profdes in p-type 
GaN before and after annealing 
which he could relate to the ob- 
served hole concentration. Profes- 
sors David Greve and Randy 
Feenstra's (Carnegie-Mellon Univer- 
sity, Pittsburgh, PA, USA) STM im- 
ages of epitaxial GaN and first 
principles calculations of the sur- 
face, and a poster presenting mole- 
cular beam epitaxy (MBE) 
reflection high energy diffraction 
data by Rudiger Held (University of 
Minnesota, Minneapolis, USA) 
largely laid to rest the controversy 
regarding the polarity of GaN epi- 
taxial films by relating surface re- 
constructions to the terminating 
layer species. Prof. Tadeusz Suski 
(Unipress, Warsav,; Poland) report- 
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Figure 4. Optical system used in the IBM reflective L CD/Si projection display (courtesy of R. 
Melcher, IBM), 
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Figure 5. Pankove accepts the MRS Internet Journal of Nitride Semiconductor Research's 
highest honour from Journal master Eric Hellman. A photo scrapbook of the banquet is on- 
line at http:llnsr, mij.mrs, orglnewslmrsF9 71banquet. htmL 
ed that implanted elements in GaN 
can be efficiently optically activat- 
ed by high-pressure annealing un- 
der kilobar N 2 overpressure, which 
enables higher temperatures with- 
out N loss in the GaN crystal. 
A lively 'Late News' session ac- 
curately reflected the fast moving 
pace of GaN research. In addition 
to the laser papers of UCSB, Xerox 
and Sony, Northrop Grumman re- 
ported the radio frequency (RF) 
performance of a GaN field effect 
transistor (FET) fabricated on SiC 
operating at record X-band power 
densities. Dr Supratik Guha (IBM 
Watson Research Laboratory, 
Yorktown Heights, USA) reported 
the first GaN LEDs fabricated on Si 
substrates and Dr Andrej Nikolaev 
(Ioffe Institute, St Petersburg, 
Russia) reported p-type GaN 
grown by HVPE, a result which 
people have sought for nearly 30 
years. 
Industrial applications 
The final session was the 
'Industrial Applications of GaN 
Lasers' tutorial. Having spent 90% 
of the week attempting to figure 
out how to make GaN LDs, atten- 
dees had the opportunity to hear 
what might actually be done with 
them. Dr Ross Bringans (Xerox 
Palo Alto Research Center, Palo 
Alto, CA, USA) presented an 
overview of the printing industry 
where GaN LDs promise higher 
resolution through a reduced spot 
size while maintaining adequate 
depth of field (DOF) at a reason- 
ably small optical aperture size. 
Bringans estimates that a ~=390 
nm GaN LD could produce a 1200 
dot-per-inch (dpi) image using stan- 
dard 6 mm aperture optics, while 
providing a workable 1 mm DOE A 
GaN LD wavelength >430 nm is ac- 
tually preferred for compatibility 
with inexpensive organic photo- 
conductors, while 6 mW of single 
mode output with a rise/fall time 
of -1 nsec is needed to produce 
60 pages/minute with image 
enhancement. 
Dr Akito Iwamoto (Toshiba 
Multimedia Laboratory, Kawasaki, 
Japan) reported that the shift to 
GaN LDs for DVD-ROM applica- 
tions is scheduled for 15 GB drives 
having 0.2 larn minimum pit 
lengths on a 0.4 ~tm track pitch to 
ship in the year 2000. The ideal 
GaN LD for writeable DVD should 
have a low -3.5 V, 100 mA operat- 
ing point while producing a single 
mode, CW 30+ mW, X=400-430 nm 
beam with an aspect ratio <4. 
Read-only DVD has reduced power 
requirements of 3-5 mW, but other- 
wise similar specifications. 
Display technology 
"The potential impact of laser light 
sources on display technology is 
enormous, while the obstacles that 
the lasers must overcome are 
equally so," was the message re- 
ported by Dr Robert Melcher (IBM 
Watson Research Laboratory). To 
succeed in projection display ap- 
plications, lasers must replace 
halide lamp technology providing 
efficient (60 lumens/W) white 
light for $100-300. The IBM reflec- 
tive liquid crystal (LC)/Si projec- 
tion display schematic (Figure 4) 
illustrates how lasers could remove 
system cost. 
At present, the white light is 
split into primary colours by 
dichroic mirrors before being po- 
larized. After reflecting off the LC, 
the three images are recombined 
within a prism element and pro- 
jected onto the viewing screen. 
The optics of collimating, splitting, 
polarizing and recombining three 
broadband primary colour beams 
are expensive and intricate. 
Power supply and cooling re- 
quirements would be greatly sim- 
plified by LDs operating at several 
volts, while polarized, monochro- 
matic laser output eliminates the 
need for polarizing optics, and 
additionally eases the specifica- 
tions on the other optical elements 
and spatial ight modulators. If the 
LDs were pulsed in rapid succes- 
sion, one optical path could re- 
place the three-beam approach 
and a more saturated image span- 
ning a broader colour gamut could 
I I I-Vs Review • Vol.11 No. 1 1998 
42 
Meeting Report 
be built up from overlaid red, 
green and blue images. 
Melcher sketched out the spec- 
ifications of a laser high de£mition 
television (HDTV) based on K=656, 
532 and 457 nm LDs operating at a 
6500 K white point colour bal- 
ance. To achieve a screen bright- 
ness of 500 candela.m 2 over a 55" 
diagonal 16:9 aspect ratio screen, 
assuming 33% optical efficiency 
and a 3X screen gain, the LDs must 
produce 6.6 W, 1.8 W, and 1.2 W in 
the red, green and blue, respective- 
ly. Existing broad area AIGaAs or 
AIInGaP red LD arrays readily 
achieve tens of watts.A blue broad 
stripe GaN LD and a low 
cost d iode-pumped double Nd- 
YAG are needed to make laser TV 
viable, but a mature and growing 
$2 billion project ion display mar- 
ket is the prize. A Watt-class GaN 
LD will have to be a wide aperture 
vertical structure fabricated on 
conduct ing SiC or bulk GaN sub- 
strates. 
An alternative approach is to re- 
move the GaN heteroepitaxial lay- 
er f rom an insulating substrate, a
process which could be accom- 
plished alongside ELOG using the 
SiO 2 mask as a sacrificial ayer also. 
To succeed, however, the lateral 
overgrowth rate will have to be in- 
creased to allow much narrower 
windows to be patterned in the SiO 2. 
Pankove banquet 
The social highlight of the week 
was the Pankove Banquet which 
took place Thursday evening at the 
John E Kennedy Library. The ban- 
quet was hosted by Prof. Bo 
Monemar (Linkoping University, 
Sweden) and Prof. Akasaki, whose 
own GaN careers date back nearly 
as far as Pankove's. Many GaN pio- 
neers horioured the Pankoves by 
travelling long distances to attend, 
as did their two sons. Among the 
presents Pankove received was a 
moving LED display from Cree 
Research which christened 
Pankove "the Godfather of GaN", a 
silver-plated, engraved laser point- 
er whose red LD will someday 
shine blue, and an MIJ-NSR T-shirt 
(Figure 5). 
MRS attendees left Boston with 
the feeling that more groups will 
attain GaN LDs, while Nichia 
Chemical will continue to out dis- 
tance the compet i t ion.The coming 
year will see pilot product ion of 
GaN LDs for DVD by Nichia, while 
the LED field will see new and bet- 
ter products come to market. 
Contact: Toby Strite 
Uniphase Laser Enterprise 
Binzstrasse 17, CH-8045 Zurich, 
Switzerland 
e-mail: toby.strite@UniphaseLE.com 
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